
1.  Introduction
Alongslope flowing ocean currents are important sediment transport agents on high-latitude continental 
margins at present as well as during past glacials and interglacials (e.g., Campbell & Mosher, 2016; Rebesco 
et al., 2014). Such currents, spatially and temporally variable, are both eroding the continental slope in 
areas of persistent flow strength and direction, often creating widespread unconformities, and leading to 
the deposition of extensive mound-shaped, elongated contourite drifts (Figure 1a) (Faugères et al., 1999; 
Stow et al., 1996). These sedimentary processes, however, have so far attracted less attention compared to 
subglacial transport and subsequent downslope processes such as debris flows and turbidity flows, from 

Abstract  The onset and evolution of the middle to late Cenozoic “icehouse” world was influenced by 
the development of the global ocean circulation linking the Norwegian–Greenland Sea-Arctic Ocean to 
the Atlantic Ocean. The evolution of the early Neogene to early Quaternary Bjørnøyrenna Drift, located at 
the SW Barents Sea continental margin, shed new light on this important hydrological event. By analyzing 
seismic data and exploration wellbores, it is found that the drift likely started to form in the early/middle 
Miocene, probably as a result of an ocean circulation reorganization following the opening of the Fram 
Strait gateway (c. 17 Ma) and subsidence of the Greenland–Scotland Ridge (c. 12 Ma). Thus, the onset of 
drift growth is considered to have happened close in time to the Mid Miocene Climatic Optimum at 16–14 
Ma, and was part of a regional onset of large-scale ocean circulation in the Norwegian–Greenland Sea 
that influenced the subsequent climate cooling. The drift continued to grow under the influence of early 
Quaternary glacimarine sedimentation, and later overtopping of the drift mound by downslope transfer 
of glacigenic sediments during full-glacial conditions resulted in a submarine failure. For the first time, 
minimum average sedimentation rates of a Neogene to Quaternary drift in this area is calculated, giving 
rates of 0.020–0.031 m/Kyr. These values are comparable to average deep-sea sedimentation rates from 
modern low-latitude river systems such as the Amazon and Mississippi, but lower than the Quaternary 
glacial sedimentation rates from the Barents Sea and Fennoscandian continental margins.

Plain Language Summary  The ocean water masses are constantly moving through the 
thermohaline circulation, which both distribute heat from low to high latitudes, as well as cold water 
in the opposite direction. This is crucial for maintaining the global climate, and the start and evolution 
of ocean currents can be decrypted from marine sedimentary deposits known as contourite drifts. This 
study outlines the evolution of a drift that likely started building up in the SW Barents Sea when the Gulf 
Stream first extended into the Arctic Ocean. This likely happened as important ocean passages such as the 
Fram Strait gateway west of Svalbard opened up, which occurred during a global temperature highpoint in 
the mid Miocene (16–14 Ma). The global temperatures dropped following this, possibly partly because of 
the establishment of this ocean circulation, allowing for precipitation and growth of larger ice caps on the 
northern hemisphere. The drift accumulated by 0.020–0.031 m per 1,000 years, before it was later rapidly 
buried (at a rate of 0.18–0.64 m per 1,000 years) by glacigenic sediments during the last 2.7 Ma. The weight 
of these overlying sediments likely caused parts of the drift to fail, resulting in a large submarine slide.
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whose deposits are well-known building blocks of trough-mouth fans (Clausen, 1998; Dowdeswell et al., 
2010; Hiscott & Aksu, 1994; King et al., 1996, 1998; Laberg & Vorren, 1995; Rydningen et al., 2015; Vorren 
et al., 1989, 1998).

Contourite drift growth along the NW European Atlantic glaciated margin has been related to intensified 
paleo-circulation controlled by tectonic events such as the opening of the Fram Strait gateway and the sub-
sidence of the Greenland–Scotland Ridge (Jakobsson et al., 2007; Kristoffersen, 1990; Laberg et al., 1999; 
Rebesco et al., 2013). These events occurred in a period of important fluctuations in the global climate 
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Figure 1.  (a) Modern ocean currents and locations of sediment drifts in the Atlantic Ocean and along the Norwegian-Barents Sea margin. Deposits from 
mega-failures originating on the Bjørnøyrenna Trough-Mouth Fan is also indicated. The circulation is modified from Hansen and Østerhus (2000), Orvik and 
Niiler (2002), and Beszczynska-Möller et al. (2012). The bathymetric map is generated from the International Bathymetric Chart of the Arctic Ocean Version 4.0 
(Jakobsson et al., 2020) and the ETOPO11 Arc-Minute Global Relief Model (Amante & Eakins, 2009). TMF, trough-mouth fan. (b) Study area with outline of the 
Bjørnøyrenna Drift (green). Seismic data are shown in gray lines, water depths in blue lines, and exploration wellbores and the 7316/06-U-01 shallow borehole 
in red circles. Seismic data courtesy of TGS and NPD. (c) Geoseismic profile across the SW Barents Sea continental shelf extending into the Lofoten Basin. The 
contourite interval and deposits from mega-failures (Hjelstuen et al., 2007) are indicated. R7 marks the base of the Quaternary deposits (Faleide et al., 1996; 
Laberg et al., 2012). The seismic horizons are from Lasabuda et al. (2018b).
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including the “Mid-Miocene Climatic Optimum,” its abrupt termination and the following climatic cooling 
(Zachos et al., 2001).

Contourite drifts cover large areas of the eastern North Atlantic continental margin, from west of the Brit-
ish Isles to the Fram Strait (Figure 1) (Laberg et al., 2005). However, details on the nature and influence of 
the circulation system responsible for forming this pattern on the SW Barents Sea continental margin, the 
southern entrance to the Fram Strait, are still lacking. Little is also known about the potential influence of 
drift deposits on the release of some of the submarine landslides identified along this margin (Figure 1), 
estimated to be one order of magnitude larger in volume than the giant Storegga Slide (Hjelstuen et al., 
2007; Kuvaas & Kristoffersen, 1996). Similar mega-slides in the glacial part of the slope succession further 
north on the Barents Sea margin were identified and inferred to be preconditioned by contourite drifts by 
Safronova et al. (2017).

We present the first study of a contourite drift within the Neogene to Quaternary succession on the conti-
nental slope of the SW Barents Sea, the Bjørnøyrenna Drift (Figure 1). The drift is stratigraphically locat-
ed beneath the Bjørnøyrenna Trough-Mouth Fan, a fan that built out during the Quaternary glaciations 
(Figure 1c). The age and development of the drift are addressed, as well as the drift influence on the later 
evolution of the trough-mouth fan. Furthermore, implications of the onset of large-scale ocean circulation 
in the Norwegian–Greenland Sea are discussed, and related to the history of global climate shifts during the 
Neogene to Quaternary. Finally, we estimate the sedimentation rates for this major Neogene to Quaternary 
sediment drift in the Norwegian–Greenland Sea, in order to better constrain the growth rate of high-latitude 
passive continental margins as a response to the climatic and oceanographic changes through time.

2.  Database and Methods
The seismic data base consists of multichannel 2-D seismic surveys provided by the Norwegian Petroleum 
Directorate (NPD) through the Diskos data base (publicly available surveys; NPD-BJVI-86, GBW-88, HB-96, 
and NH9702 collected in 1986, 1988, 1996, and 1997, respectively), and TGS (NBR06-12 collected between 
2006 and 2012). The data from TGS were collected using air guns with volumes between 2,000 and ∼4,000 
cubic inches, streamer lengths of usually ∼8,000 m, and between 324 and 960 channels. For details on the 
older seismic surveys the reader is referred to the NPD.

The distance between 2-D seismic lines is generally between 2 and 5 km on the upper slope down to ∼500 m 
water depth. Very few seismic lines are acquired on the lower slope, and the line spacing is here between 10 
and 40 km within the study area (Figure 1b). The seismic data are generally of good quality, and the vertical 
resolution in the studied interval is ∼30–50 m in the vicinity of well 7216/11-1S.

Three exploration wellbores located on the SW Barents Sea continental margin are used in this study (Fig-
ure 1b; downloaded from the Diskos data base). Formation tops from these wells, together with the estab-
lished stratigraphy from Eidvin et al. (1993, 2013), Ryseth et al. (2003), and Eidvin et al. (1998, 2013, 2014), 
form the basis for the seismic stratigraphy for wells 7117/9-2, 7216/11-1S, and 7316/5-1, respectively.

An estimated average velocity value of ∼2,500 m/s is extracted for the studied interval, based on visual in-
spection of the velocity log from well 7216/11-1S between depths of ∼2,100 and 2,300 m measured depth, 
that is, corresponding to the depths of the top and base horizon for the studied interval from the seismic 
data (see NPD, 2020 for wellbore logs). This is used to convert the isopach map (generated from seismic 
data) from depth in two-way traveltime to meters.

The data interpretation, gridding, and depth conversion was done in the Petrel software®. The plate reconstruc-
tion shown in Figure 2 is created from the GPlates 2.0 software® (Matthews et al., 2016; Müller et al., 2016).

3.  Physiographic, Geologic, and Oceanographic Setting
Near the Paleocene-Eocene transition (55–54 Ma), lithospheric breakup between the Eurasian and North 
American plates culminated in a northward propagating seafloor spreading forming the early Norwegian–
Greenland Sea. Transform movements characterized the SW Barents Sea up until the Oligocene, from which 
a passive margin with regional subsidence evolved. Extension, breakup, and subsequent seafloor spreading 
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eventually also propagated to the northern part of the ocean basin west of Svalbard (Eldholm et al., 1987; 
Faleide et al., 2008, 2015; Talwani & Eldholm, 1977). To the southeast, the Barents Sea-Thetys sea-way is 
interpreted to have been closed in the middle to late Eocene (Akhmetiev et al., 2012).

During the Eocene, erosion of uplifted areas in the east and north resulted in sediment transport south and 
westwards, with clastic deposition including sandy turbidites in the structural basins along the SW Barents 
Sea continental margin (Lasabuda et al., 2018b, 2018c; Safronova et al., 2012, 2014). As a result, a gradual 
shallowing into a more shallow water shelf is inferred during the Oligocene through Miocene (Eidvin et al., 
2014; Ryseth et al., 2003).

The Norwegian–Greenland Sea and Arctic Ocean were probably oceanographically isolated basins from 
sometime in the Eocene to the early Miocene (Figure 2) (Hutchinson et al., 2019; Moran et al., 2006). To 
the north, the opening of the Fram Strait gateway allowed for full ventilation between the ocean basins 
with deep-water exchange suggested from c. 17.5 Ma (Jakobsson et al., 2007). Paleobathymetric modeling 
predicts water depths in the strait deeper than 2,000 m since at least 17 Ma (Ehlers & Jokat, 2013; Knies 
& Gaina, 2008). However, coring gaps and hiatuses in the available Arctic Ocean sediment cores make 
the exact timing uncertain (Backman & Moran, 2009; Thiede & Myhre, 1996). Therefore, the established 
circulation between the basins is reconstructed with confidence from c. 6.0 Ma (Knies et al., 2014a). A much 
earlier inception of marine conditions, that is, a marine inflow event resulting from an opening of the Fram 
Strait west of Svalbard already at 36 Ma has been suggested by Poirier and Hillaire-Marcel (2011) from an 
alternate Osmium-isotope stratigraphy of sediments cored during the Arctic Ocean Expedition. However, 
other studies have shown that the late Paleocene to early Oligocene was the period of the West Spitsbergen 
orogeny on Svalbard (e.g., Steel et al., 1985) allowing for little or no water exchange as there was no gateway 
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Figure 2.  Opening history of the Norwegian–Greenland Sea reconstructed using the GPlates 2.0 software (Matthews et al., 2016; Müller et al., 2016). The 
Bjørnøyrenna Drift likely started to form during the early/middle Miocene, following the opening of the Arctic Ocean gateway in the Fram Strait.
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in this area at that time (Lasabuda et al., 2018c). In the southern part of the Norwegian–Greenland Sea, 
the Greenland–Scotland Ridge prevented free passage of warm North Atlantic water into the Norwegian–
Greenland Sea up until the middle Miocene (c. 12 Ma) (Bohrmann et al., 1990; Laberg et al., 2005; Wright, 
1998), after which subsidence of the ridge allowed for an increased circulation in the northern ocean basins 
(Figure 2).

During the Miocene, warm Atlantic water started to flow northwards along the British-Norwegian–Barents 
Sea continental shelf and slope. At the same time, cold and high-density water (North Atlantic Deep Water) 
flowed southwards along the Greenland margin, as a result of the formation of a ventilated North Atlantic 
Ocean—Norwegian–Greenland Sea—Arctic Ocean (Majoran & Dingle, 2001; Piotrowski et al., 2000). As a 
response to this oceanographic setting, contourite drift growth accelerated along the continental margins 
since c. 17–12 Ma in the Faroe-Shetland Channel, on the Vøring margin, and on the Lofoten-Vesterålen con-
tinental slope (Figure 1) (Davies et al., 2001; Laberg et al., 1999, 2001, 2005). The onset of drift growth in the 
Fram Strait is inferred to be younger, that is, between 10 and 3 Ma, implying that these started to accumulate 
at a time when the gateway was well established (Eiken & Hinz, 1993).

Following the Pliocene-Quaternary climate deterioration, ice sheets started to expand onto the SW Barents 
Sea shelf at c. 2.7 Ma (Knies et al., 2009, 2014b), and repeated advances of grounded glaciers reaching the 
shelf break are inferred since c. 1.5 Ma, eroding the substratum and transporting vast amount of debris to 
the outer shelf and upper slope (Andreassen et al., 2007; Eidvin et al., 1993, 1998; Faleide et al., 1996; Laberg 
et al., 2010, 2012; Vorren et al., 1991). These glacigenic sediments later remobilized downslope as debris 
flows and turbidity flows with long run-out distances, forming the present shape of the trough-mouth fans 
in the SW Barents Sea (Laberg & Vorren, 1995, 1996; Vorren et al., 1998). Contemporaneous to trough-
mouth fan development, contourite drift onset on the West Svalbard margin just south of the Fram Strait 
gateway is inferred to be related to enhanced sediment supply to the margin following glacial expansion 
onto the shelf in the early Pleistocene (Rebesco et al., 2013).

From other parts of the Norwegian continental margin, it is also known that the development of contourite 
drifts influenced on the continental margin stability, and thus also sediment transfer to the deep sea. Sedi-
ment failures, including the Storegga, Nyk, Trænadjupet, and Andøya submarine landslides, are related to 
rapid burial of contouritic interglacial/interstadial sediments by glacigenic sediments during peak glacials, 
resulting in the build-up of excess pore pressure, thereby forming planes of weakness within contourit-
ic sediments in which the initial failure presumably occurred (Bryn et al., 2005; Haflidason et al., 2005; 
Laberg & Camerlenghi, 2008; Laberg et al., 2003). Large submarine landslides are also described from the 
Bjørnøyrenna Trough-Mouth Fan on the SW Barents Sea continental margin (Figure 1), with areal extents 
and volumes up to 120,000 km2 and 24,500 km3, respectively. In previous studies, these slides have not been 
linked to contouritic sediments, although they are related to rapidly deposited glacigenic sediments on a 
softer substratum in a continental slope setting (Hjelstuen et al., 2007).

Warm and saline surface waters are presently flowing north-eastward along the slope on the eastern side of 
the North Atlantic and Norwegian–Greenland seas as the North Atlantic Current (Figure 1). This current 
passes through the narrow Faroe-Shetland Channel and continues as the Norwegian Atlantic Current along 
the Norwegian shelf edge and upper slope (Beszczynska-Möller et al., 2012; Hansen & Østerhus, 2000; 
Orvik & Niiler, 2002). When reaching the Barents Sea, this current splits into two branches: one branching 
off into the southern Barents Sea, and the other continuing northwards along the SW Barents Sea slope 
(Hansen & Østerhus, 2000). The latter current continues into the Fram Strait as the West Spitsbergen Cur-
rent west of the Svalbard archipelago (Figure 1) (Aagaard et al., 1973; Jónsson et al., 1992). A profound win-
nowing along the Norwegian–Barents Sea-Svalbard shelf and upper slope is documented due to this inflow 
of Atlantic water. The winnowed sediments are deposited as contourite drifts in lower slope embayments 
and in slide scars along the Norwegian margin (Laberg et al., 2005).

4.  Seismic Stratigraphic Framework—The Nordland Group

The studied interval belongs to the Cenozoic Nordland Group (Dalland et al., 1988) (Figure 3). Most of the 
literature dealing with the Cenozoic stratigraphy of the SW Barents Sea follows the geological timescale of 
Berggren et al. (1995). These ages have been updated following Cohen et al. (2016).
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The Eocene to Pliocene interval consists of shallow to deep marine shale-dominated deposits in the major 
structural basins along the SW Barents Sea continental margin, while it is generally eroded or not deposited 
further east (Eidvin et al., 1998, 2014; Lasabuda et al., 2018b) (Figures 1c and 3). The Quaternary interval 
mainly consists of reworked glacigenic sediments deposited along the SW Barents Sea slope in trough-
mouth fans (Figure 1c).

The regional Cenozoic stratigraphy of the area with age correlations based on well control is presented by 
Lasabuda et al. (2018b), and only key horizons are shown on the seismic profiles in this study (Figures 4–6). 
Furthermore, the glacigenic Quaternary interval is subdivided in three subunits, that is, TeC/GI, TeD/GII, 
and TeE/GIII following interpretations of Vorren et al. (1991) and Faleide et al. (1996). The regionally corre-
latable horizon R7 marks the base of the subunit TeC/GI and, therefore, the base of the Quaternary deposits 
(Figure 3) (Faleide et al., 1996; Laberg et al., 2012; Vorren et al., 1991).

5.  Results
5.1.  Description of Seismic Stratigraphy

An overall along-slope oriented sediment accumulation is mapped beneath the Bjørnøyrenna Trough-
Mouth Fan on the SW Barents Sea continental margin (Figures 4–7). The top and base horizons delimiting 
the sediment accumulation are high amplitude, continuous to semi-continuous reflections. The base ho-
rizon truncates underlying strata, making it a basal unconformity. The top horizon marks a change in re-
flection configuration from overall divergent reflections (within the sediment accumulation) to prograding 
clinoforms in the overlying strata (Figures 4 and 5).

The base horizon dips southwestwards in the southern sector of the study area and toward the west in 
the  northern sector (Figure 7a). The slope angles generally vary from less than 1°–3°, with local slope 
angles up to 6°. A distinct escarpment with a gently sloping area downslope is located in the southern 
sector (Figures 5a and 7a), and two subdued ridges extend down the paleo-slope in the northern sector 
(Figure 7a).

The mapped sediment accumulation is ∼300 km long, between 30 and 90 km wide, and up to 1,380 m 
thick (Figure 7c), corresponding to an area of ∼1.8 × 104 km2 and a sediment volume of ∼5,000 km3. Data 
limitations make the westward extension of the sediment accumulation uncertain. The sediment accumu-
lation is characterized by (i) two SSE-NNW-elongated mound-shaped forms filling both bathymetric lows 
and smooth and gently sloping areas of the base horizon and (ii) sheet drapes that follow the underlying 
morphology (Figures 7a and 7c).

The largest mound in the southern sector of the study area is up to ∼20 km wide and extends for ∼120 
km on flat parts of the base horizon. Further downslope, the unit has an external sheet-drape form, with a 
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Figure 3.  Chronostratigraphic and lithostratigraphic chart of the study area, with seismic horizons and main geological events. The generalized 
lithostratigraphy is modified from Lasabuda et al. (2018b), and the geologic timescale follows Cohen et al. (2016).
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Figure 4.  Seismic dip profile in the the northern sector of the Bjørnøyrenna Drift. The base horizon overlies upper Pliocene strata on the upper slope (in the 
area of well 7316/5-1). The northern mound is characterized by a divergent reflection configuration with progressive upslope onlapping reflections, and the 
top horizon truncates internal reflections. BLM, Base lower Miocene; BLM-LO, Base lower Miocene-lower Oligocene; BLO, Base lower Oligocene; BUPli, Base 
upper Pliocene; TKvFm, Top Kveite Formation; TNGp, Top Nordland Group; TTFm, Top Torsk Formation. See Figures 1b and 7 for location of seismic profile. 
Seismic data courtesy of NPD.
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shorter (∼30 km) elongated mound at the lower and steeper part of the paleo-slope (Figure 7c). An up to 
50 km wide elongated mound extends for more than 150 km in the northern sector. This has an irregular 
shape, where its southern part is generally characterized by an uniform thickness between 600 and 700 m, 
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Figure 5.  (a) Seismic dip profile in the southern sector of the Bjørnøyrenna Drift, crossing the southern mound. The base horizon overlies Miocene strata 
on the lower to middle part of the slope (in the area of well 7216/11-1S). Internal reflections within the drift onlap a distinct escarpment on the base horizon. 
(b) Seismic dip profile crossing the northern drift mound. Internal reflections within the drift are truncated by the top horizon. Divergent reflections with 
onlapping terminations are observed also in the overlying glacigenic strata (GI/GII). BME, Base middle Eocene; BMM, Base middle Miocene; BO, Base 
Oligocene; BUE, Base upper Eocene; BUM, Base upper Miocene; BUPli-Ple, Base upper Pliocene-Pleistocene; TTFm, Top Torsk Formation. See Figures 1b and 7 
for location of seismic profiles. Seismic data courtesy of NPD.



Geochemistry, Geophysics, Geosystems

locally more than 1,100 m. An area of thinner sediments (down to less than 100 m) separates the southern 
and northern part of the mound. The mound is thickest in the confinement between the two ridges on the 
base horizon in the northern sector of the study area (Figure 7c).

The sediment accumulation is composed of medium-high amplitude reflections that are continuous to 
semi-continuous; the more continuous reflections are located where the drift thickness is larger, that is, 
within the elongated mounds (Figures 4 and 5). A divergent reflection configuration characterizes the sed-
iment accumulation, and progressive upslope onlap characterizes the reflection terminations. The onlaps 
are more pronounced in the northern and southern elongated mounds, where upward-thickness increase 
is more rapid. Incisions are often observed in connection with the upslope onlap (Figures 4 and 5). Internal 
horizons truncate underlying seismic reflections within the sediment accumulation (Figure 4), including 
also the inferred base Quaternary horizon (from Laberg et al., 2012) (Figures 5a and 6). The eastern and west-
ern parts of the sediment accumulation are truncated by horizons within the overlying glacigenic deposits 
(Figures 4–6).

The internal reflections within the upper parts of the northern mound are truncated by the top horizon 
(Figure 4); this is particularly evident in the area between the northern and southern part of the mound, and 
where narrow incisions on the top horizons extend down into the upper part of the sediment accumulation 
(Figure 6). As such, the top horizon is an unconformity surface in the area of the northern mound.

The overlying strata is generally characterized by prograding clinoforms, as well as intervals with a chaotic 
seismic reflection configuration, particularly evident in the northern sector of the study area (Figure 4). 
The clinoforms downlap and onlap the northern sediment accumulation, thus filling in the accommo-
dation space between the northern and southern part of this mound (Figures 4 and 7c). Furthermore, a 
divergent internal seismic configuration consisting of reflections with onlapping terminations, including 
also internal incisions, is observed stratigraphically above the northern part of the sediment accumulation 
(Figure 5b). Similar narrow incisions also occur elsewhere within the overlying glacigenic TeC-TeE/GI-GIII 
units (Figure 6).

The base horizon overlies various levels of the Nordland Group (Figures 4–6). On the lower to middle part 
of the slope, the base horizon overlies Miocene strata (well 7216/11-1S) (Ryseth et al., 2003) (Figure 5a), 
while it overlies upper Pliocene strata on the upper slope (wells 7117/9-2 and 7316/5-1) (Figures 4 and 6) 
(Eidvin et al., 1993, 1998, 2013, 2014). Furthermore, the base horizon is overlain by Quaternary strata on 
the upper part of the slope in the northern and southern sectors (Figures 4 and 6) and middle to upper 
Miocene strata on the lower part of the slope in the central part of the study area (Figure 5a) (Eidvin et al., 
1993, 1998, 2013, 2014; Ryseth et al., 2003). It is difficult to determine the relative age of deposition between 
the north and south, given the southward thinning of the studied interval and the low continuity between 
internal reflections in strike direction (Figure 6). The top reflection of the studied interval is interpreted 
within the Pleistocene glacigenic unit TeC/GI (Faleide et al., 1996; Laberg et al., 2012; Vorren et al., 1991) 
(Figures 4–6).

5.2.  Lithology from Exploration Wellbores

The lithology of the interval covering the sediment accumulation is described in the completion reports 
from wells 7316/5-1 and 7117/9-2. Ditch cuttings and sidewall cores in well 7316/5-1 show that the studied 
interval contains ∼300 m of claystones interbedded with sands (Eidvin et al., 1994, 1998; NPD, 1993). Sim-
ilarly, a ∼200 m interval of claystone with stringers of sand, limestone and traces of dolomite is described 
for the interval in well 7117/9-2 in the southern sector of the study area (Eidvin & Riis, 1989; Eidvin et al., 
1993; NPD, 1984). Furthermore, Ryseth et al. (2003) identified mudstones interbedded with sandstones and 
limestones in the middle-upper Miocene to lower Pliocene interval in well 7216/11-1S. East of the northern 
part of the sediment accumulation, a lower Miocene sandstone interval including minor glauconite was 
penetrated by shallow borehole 7316/06-U-01 (see Figure 1 for location of the borehole). Here, the age was 
tentatively suggested to be between 19 and 17 Ma (Sættem et al., 1994).
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6.  Interpretation and Discussion
6.1.  Origin of the Sediment Accumulation—The Bjørnøyrenna Drift

Based on the location and size of the mapped sediment accumulation, its thickness, and mounded, elon-
gated character along the slope, we interpret it to be a contourite drift, and we name it the Bjørnøyrenna 
Drift. A slope-parallel orientation is common to contourite drifts as they are formed by alongslope flowing 
contour currents (Faugères & Stow, 2008; Faugères et al., 1999; Laberg et al., 1999, 2001; Rebesco et al., 
2014). The Bjørnøyrenna Drift can be classified as a giant elongated drift, sensu Faugères and Stow (2008).

The main drift body has accumulated on smooth and gently sloping parts of the base horizon (Figures 
7a and 7c), and a consistent upslope migration is observed, typical of separated drifts (Faugères & Stow, 
2008; Faugères et al., 1999). The internal incisions truncating underlying seismic reflections are likely areas 
of higher flow velocities where the ocean currents eroded underlying strata, resulting in moats. Similar 
characteristics of modern drifts are documented on the Norwegian–Barents Sea-Svalbard margin, that is, 
the Nyk, Lofoten, and Vesterålen drifts to the south (Laberg et al., 1999, 2001, 2005) and the Isfjorden and 
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Figure 6.  Seismic strike profile across the study area, showing that the lower horizon overlies upper Pliocene strata on the upper slope in the south (in the 
area of well 7117/9-2). Internal horizons within the Bjørnøyrenna Drift truncate underlying internal seismic reflections. Narrow incisions occur both on the top 
horizon and within the overlying glacigenic strata (GI/GII). BUPli, Base upper Pliocene; TE, Top Eocene; TKoFm, Top Kolmule Formation; TKvFm, Top Kveite 
Formation; TTFm, Top Torsk Formation. Seismic data courtesy of TGS. See Figures 1b and 7 for location of seismic profile.
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Bellsund drifts to the north (Rebesco et al., 2013). A contourite drift origin is also interpreted for the di-
vergent reflections with onlapping terminations observed stratigraphically above the Bjørnøyrenna Drift 
(Figure 5b).

The clay-dominated lithology within the Bjørnøyrenna Drift is also consistent with a contourite drift origin 
of the sediment accumulation. The sand-dominated intervals likely originate from turbidity flows, as ocean 
currents mainly transport grain sizes below the sand fraction (Faugères & Stow, 2008; Rebesco et al., 2014). 
Still, some of the sands may originate from ocean currents, as shown from studies of modern contour cur-
rent driven sandwaves from the SW Barents Sea continental margin (King et al., 2014).

The contourite drift origin of the sediment accumulation suggested in this study differs from the shallow 
marine depositional environment interpreted by Ryseth et al. (2003) for the Oligocene–Miocene section in 
the area of the 7216/11-1S well. Nonetheless, the consistent upslope migration and alongslope orientation 
of the sediment accumulation observed in the seismic data in our view clearly points to a continental slope 
setting (e.g., Figures 4 and 7).

The area of thinner sediments in the northern mound, where internal reflections are truncated by the top 
horizon (Figures 4 and 7c), is interpreted to represent a failed part of the drift. The narrow incisions that 
truncate the top of the drift and internal reflections of the glacigenic sediments stratigraphically above 
(Figure 6), are interpreted to represent erosive channels. These likely formed by turbidity flows, thought to 
originate from the marine continuation of a glacifluvial system characterizing a subaerial SW Barents Sea at 
this time. These erosive channels, as described by Laberg et al. (2010), mark the onset of glacial intensifica-
tion on the SW Barents Sea shelf. The chaotic seismic reflection configuration within the TeC-TeE/GI-GIII 
units above the drift is interpreted to be a mass-transport deposit.

6.2.  Age Estimate of the Bjørnøyrenna Drift

6.2.1.  Age Estimate from Available Wells

The unconformity defining the base of the drift is overlain by (i) Quaternary deposits on the upper part of 
the slope in the northern and southern sectors (Eidvin et al., 1993, 1998, 2013, 2014), and (ii) middle—upper 
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Figure 7.  (a and b) Isochrone maps in two-way traveltime of the top (a) and base (b) of the Bjørnøyrenna Drift. Contour intervals are 100 ms (bold every 500 
ms). (c) Isopach map of the drift. Contour intervals are 50 m (bold every 500 m). Seismic data courtesy of TGS and NPD.
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Miocene deposits on the lower slope in the central part of the study area (Ryseth et al., 2003). From this, 
and the consistent upslope migration of the drift, we infer that it started accumulating on the lower part of 
the slope in the Miocene, before it gradually progressed upslope until the early Quaternary (Figures 8a–8d).

6.2.2.  Correlation to Regional Tectonic Events and Comparison to Other Drifts

The most pronounced oceanographic changes in the North Atlantic during the Neogene resulted from 
the establishment of deep-water circulation through the Fram Strait gateway at c. 17 Ma (Jakobsson 
et al., 2007), and the re-organization of the ocean-circulation pattern resulting from the subsidence of 
the Greenland–Scotland Ridge estimated to c. 12 Ma (Bohrmann et al., 1990; Wright et al., 1998). These 
ages correspond well with the ages from the available exploration wells, and we therefore infer a max-
imum age of early Miocene (17 Ma) and a minimum age of middle Miocene (12 Ma) for the onset of 
drift growth along the SW Barents Sea continental margin (Figures 2 and 8). A similar age estimate of 
drift onset is inferred for the Lofoten–Vesterålen margin (Laberg et al., 1999, 2001, 2005) and the Gardar 
and Bjørn drifts further south in the North Atlantic Ocean (Figure 1) (Wold, 1994). Moreover, the drift 
growth accelerated in the Faroe-Shetland Channel and on the Vøring margin from the early Neogene 
(Laberg et al., 2005). As such, these drifts demonstrate the initiation of a regional hydrological event in 
the North Atlantic during the Miocene.

To the north of the study area, the lower part of the contourite sequence in the Fram Strait is assumed to 
be deposited at a time when the gateway was well established, that is, between 10 and 3 Ma (Eiken & Hinz, 
1993). However, as this age estimate was based on limited data, it remains an open question as to whether 
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Figure 8.  Neogene to Quaternary evolution of the Bjørnøyrenna Drift. (a) Ocean current erosion dominated in the early phase of alongslope influence, 
(b) before the drift started to build up on the lower slope in the northern sector of the study area. (c and d) The drift later progressively migrated upslope and 
southwards. See text for further details.
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these contourites deposited from the same water mass as the Bjørnøyrenna Drift, but started accumulating 
later, or if they initiated at the same time as the Bjørnøyrenna Drift and thus are older than originally in-
ferred by Eiken and Hinz (1993). The drifts on the West Svalbard margin are inferred to coincide with the 
early Quaternary glacial intensification and thereby following increased sediment supply to the shelf edge 
(Rebesco et al., 2013). Thus, the onset of the Bjørnøyrenna Drift growth may have preceded that of the drift 
systems to the north (Figure 8). This age discrepancy, if correct, could be related to the geometry of the ini-
tial, narrow Fram Strait gateway, causing a funneling effect for ocean currents flowing northwards along the 
slope. It is possible that this resulted in higher flow velocity west and north of Svalbard, and thus nondepo-
sition of drift sediments until the gateway widened and deepened, and/or the sediment supply increased in 
the early stages of glacial intensification (Figure 8).

6.3.  The Bjørnøyrenna Drift Evolution

The contourite drift stretches for several hundred kilometers along the paleo-slope, and it most likely con-
tinues both northwards and westwards of the area of data coverage. The margin-wide coverage of this 
contourite drift suggests an efficient ocean circulation system in the basin, where alongslope sedimentation 
prevailed over downslope processes. This interpretation is supported by the internal reflection configuration 
of the drift, showing upslope drift migration rather than margin progradation. The latter is a configuration 
that dominates the postdrift glacigenic TeC-TeE/GI-GIII units deposited during the Quaternary (Faleide 
et al., 1996; Laberg et al., 2012; Vorren et al., 1991). As such, the drift likely started to form as the north-
ward-flowing North Atlantic Current commenced, which is a persistent alongslope flow of Atlantic water 
moving northwards along the SW Barents Sea continental margin at present (Figure 1) (Beszczynska-Möller 
et al., 2012; Hansen & Østerhus, 2000; Orvik & Niiler, 2002).

The base of the drift truncates underlying strata, which demonstrates widespread ocean current erosion in 
the early phase of alongslope influence (Figure 8a). The thickness of the accumulated sediments increases 
northwards, with the drift mainly consisting of a thin blanket (sheeted drift) in the southern sector (Figures 
6 and 7c). This indicates a higher degree of sediment bypass and/or erosion in the south. In the nature of 
ocean currents, there is an interplay between erosion and deposition (e.g. Rebesco et al., 2014). Contourite 
drift build-ups during the Miocene on the Lofoten–Vesterålen margin to the south of the study area testify 
to a regional ocean circulation pattern with water masses moving from south to north along the continental 
margin, and these sediments originated from south of Lofoten (Laberg et al., 1999, 2001, 2005). Similarly, 
the source area for parts of the sediments of the Bjørnøyrenna Drift were south of the SW Barents Sea, likely 
between the Vesterålen Margin and the southern sector of the mapped area in this study. The change from 
a southwest to westward dipping slope in the northern part of the study area (Figure 7a) likely facilitated 
accumulation of sediments. The early drift build-up here possibly occurred as the current swerved past the 
change in slope direction on its way northwards. In addition, there was available accumulation space be-
tween the subdued ridges on the base of the contourite in the northern sector of the study area (Figure 7a).

There was also an upslope time-transgressive transition from erosion to deposition on the continental slope, 
caused by a reduction in ocean current velocity from the upper to the lower slope, possibly due to subsid-
ence of the continental margin. This is inferred from the progressive build-up of the contourite, initiating 
on the lower slope at the same time as ocean current erosion prevailed on the upper slope (Figures 8b–8d). 
This internal configuration is particularly evident in the bathymetric low in the northern sector (Figures 4 
and 7a), as well as where the base horizon is gently sloping in the southern sector (Figures 5a and 7a). Con-
tourites are also observed to fill in bathymetric lows in other areas where ocean currents slow down, such 
as in slide scars and submarine canyons on the mid- and north-Norwegian margin (e.g. Bryn et al., 2005; 
Laberg et al., 1999; Rise et al., 2013; Rydningen et al., 2016) and on the NW Barents Sea margin (Safronova 
et al., 2017).

Overall, the Bjørnøyrenna Drift testifies to predominantly alongslope sedimentation, that is, there is little 
influence of downslope sediment transport from the Barents Sea shelf in the period of drift accumulation 
and prior to the Quaternary (see below). The reason for this remains unknown. However, we suggest that it 
may be related to a relative rise in sea level. A relative rise in sea-level could explain the transition on the up-
per slope from erosion and formation of the basal unconformity, to later deposition and drift growth (Figure 
8). A relative sea-level rise was possibly a response to a higher rate of regional subsidence of this part of the 
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margin compared to the global eustatic sea-level fall, controlled by ice growth in Antarctica and Greenland 
(Haq et al., 1988; Miller et al., 2020; Thiede et al., 2011; Zachos et al., 2001). This subsidence could have 
been enhanced by the increased load on the slope following the onset of the Bjørnøyrenna Drift growth. If 
correct, this differs from the interpretation of Ryseth et al. (2003) and Eidvin et al. (2014) who inferred a 
declining relative sea-level in the Oligocene through Miocene in this area.

6.4.  Paleoclimatic Implications of the Onset of Ocean Circulation

Prior to the opening of the Fram Strait gateway, cold intermediate and deep-water masses were confined 
to the Arctic Ocean. It was first from the time of the opening of the gateway at c. 17 Ma that Arctic water 
could pass over this threshold and flow southwards along the western part of the Norwegian–Greenland 
Sea (Jakobsson et al., 2007). The Norwegian–Greenland Sea was probably at this time still isolated from the 
North Atlantic Ocean by the Greenland–Scotland Ridge, thus limiting the onset of transfer of cold water 
masses to lower latitudes to c. 12 Ma (Bohrmann et al., 1990; Wright, 1998).

The inferred onset of this North Atlantic-Arctic Ocean connection is concurrent in time with the Mid 
Miocene Climatic Optimum, where global temperatures peaked at c. 16–14 Ma. Following this, there was 
a climate deterioration where the temperatures dropped ∼2°C during a few million years, and the global 
cooling trend continued through the remainder of the Neogene (Zachos et al., 2001). We suggest that 
this cooling trend may have been influenced by the reorganization of the large-scale circulation of water 
masses on the northern hemisphere. The low-and high-latitude sectors of the Atlantic Ocean became 
connected following the opening of the Fram Strait and the subsidence of the Greenland–Scotland Ridge, 
allowing for transfer of heat and moisture to high latitudes (Smith & Pickering, 2003) and transfer of 
cold North Atlantic Deep Water southwards, which likely played an important role in lowering the global 
temperature.

This event represented the beginning of a more dynamic northern hemisphere climate, where heat and 
moisture from lower latitudes were spread northwards, facilitating necessary preconditions for the estab-
lishment of larger ice caps of this area (Bohrmann et al., 1990), that formed on northern Svalbard at c. 15–14 
Ma (Knies & Gaina, 2008). On the other side of the Norwegian–Greenland sea, ice caps reached the con-
tinental margin on SE Greenland from c. 11 Ma (Helland & Holmes, 1997) or c. 7 Ma (Larsen et al., 1994), 
although smaller inland ice caps were established here already in late Eocene-early Oligocene (Eldrett 
et al., 2007).

6.5.  Average Sedimentation Rate for the Bjørnøyrenna Drift

As the volume, extent, and approximate age of the Bjørnøyrenna Drift are known, we can—for the first 
time—calculate average sedimentation rates for a Neogene drift in the Norwegian–Greenland Sea. Howev-
er, some precautions need to be considered. First, the full extent of the contourite drift remains unknown 
due to a limited coverage of the available data set. Second, the sedimentation rate has varied across the 
depositional area, as evidenced by the varying thickness of the drift with more accumulated sediments 
in the northern sector compared to the south (Figure 7c). In addition, parts of the drift have failed in the 
northern sector, that is, an unknown volume of the drift has been transferred downslope; our numbers are, 
therefore, minimum average estimates across the mapped area. Third, we assume that the calculated aver-
age sedimentation rates are exclusively from ocean currents, that is, excluding the influence of downslope 
processes. Some downslope influence is indicated by the sand-dominated parts identified in the wells. How-
ever, this is considered to be of minor relevance. Finally, the exact age of the contourite drift onset remains 
to be defined. We assume that an early to middle Miocene age between 17 and 12 Ma is likely. The upper 
boundary of the drift with the transition from alongslope- to downslope-dominated deposition is better 
constrained, with a proposed date close to the onset of Quaternary glaciations, that is, slightly after 2.7 Ma 
(Knies et al., 2009; Laberg et al., 2012).

A minimum and a maximum sedimentation rate is calculated to compensate for the uncertainty of the onset 
of the contourite-drift deposition (Figure 9), coinciding with the inferred opening of the Fram Strait gate-
way and the subsidence of the Greenland–Scotland Ridge, respectively. The total volume of the drift (5,000 
km3) is divided by the area of deposition (1.8 × 104 km2), giving a minimum average sediment thickness 
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across the study area of 280 m. Divided by the age estimates, this gives sedimentation rates of 0.020 and 
0.031 m/Kyr for the time spans of c. 14 and c. 9 Ma, respectively (Figure 9).

These first-order estimates allow us to compare different sediment sources and their relative influences on 
ocean basin sedimentation. The calculated sedimentation rates for this ocean current system are one order 
of magnitude lower than the average rates calculated for the subsequent deposits from the Quaternary Bar-
ents Sea Ice Sheet (Laberg et al., 2012) in the same area and on the Northern Barents Sea margin (Figure 
9) (Lasabuda et al., 2018a). These numbers therefore support the finding of Lasabuda et al. (2018b), that is, 
that there was a pronounced increase in sedimentation rate on the SW Barents Sea continental margin fol-
lowing the establishment of Northern Hemisphere Glaciations in the Quaternary. The sedimentation rate 
for the Quaternary glaciations to the south are also one order of magnitude higher than for the Bjørnøyren-
na Drift (Dowdeswell et al., 2010; Rydningen et al., 2016). Estimates of sediment input to deep-sea fans from 
ice sheets elsewhere are sparse, and the only well-documented sedimentation rates are late Quaternary in-
put from the East Greenland Ice Sheet (Figure 9; 0.028–0.048 m/Kyr) (Berger & Jokat, 2008). These numbers 
are comparable to the sedimentation rates presented in this study, showing that the sediment distribution 
capability of ocean currents in ocean basins can be of the same magnitude as continental ice sheets else-
where in the Arctic. Still, the calculated rates for the Bjørnøyrenna Drift are lower than the younger glacial 
systems on the NW part of the Norwegian–Greenland Sea (Figure 9).

Estimates of modern sedimentation rates in deep-sea fans from major river systems such as Amazon and 
Mississippi (Elverhøi et al., 1998) are also comparable to our results for the Bjørnøyrenna Drift (Figure 9). 
This further emphasizes that ocean currents are important agents in ocean basins, where they both can 
erode underlying strata over large areas creating regional unconformities and add sediments to the conti-
nental margin at rates comparable to large river system input to the ocean basin.

6.6.  Failure of the Bjørnøyrenna Drift

The Bjørnøyrenna Drift influenced the continental slope morphology, especially in the northern part, giving 
it an alongslope oriented and positive relief in its middle to upper reaches prior to the onset of glacial 
sedimentation and trough-mouth fan growth (Figure 10a). During the early Quaternary glacial cycles, 
glacimarine (hemipelagic) and glacifluvial sedimentation, as well as reworked material from the shelf 
and upper slope, increased the downslope component of sediment input, while alongslope sedimentation 
and contourite drift growth continued (Figure 10b). Subsequently, grounded glaciers extended to the shelf 
break in the middle-late Quaternary, depositing subglacial till at high sedimentation rates at the ice sheet 
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Figure 9.  Estimates of average sedimentation rate in m/Kyr for the Bjørnøyrenna Drift compared to ice sheets and low-latitude rivers.
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Figure 10.  Conceptual model illustrating the Neogene to Quaternary evolution of the SW Barents Sea continental margin. (a) Alongslope flowing ocean 
currents dominate on the SW Barents Sea continental slope from early/middle Miocene. (b) The build-up of glaciers in the early Quaternary increases the 
sediment supply to the slope. (c) During glacial maxima in the middle to late Quaternary, glacigenic debris flows dominate on the slope. The debris flows 
are initially blocked by the relief of the Bjørnøyrenna Drift, before they overtop it, increasing the stress on the drift. (d) Parts of the drift fail, resulting in a 
submarine slide. (e) The slide scar is later filled in by sediments deposited from alongslope and downslope processes.
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termini (Figure 10c). These sediments were later remobilized downslope as debris flows (Laberg & Vorren, 
1995; Vorren et al., 1998). Some of these debris flows were probably blocked by the positive relief of the 
Bjørnøyrenna Drift and, thus, prevented from moving further downslope (Figure 10c).

Repeated episodes of downslope flow of glacigenic debris flows likely led to overtopping of the drift mound, 
allowing for transport of sediments further into the deep-ocean basin. The stress exerted by the upflank ac-
cumulation of glacigenic sediments is interpreted to have caused part of the drift sediments in the northern 
mound and overlying debris flow deposits to become unstable and fail (Figure 10d), resulting in downslope 
transport of the drift masses. Large parts of the drift were evacuated close to the thickest accumulation in 
the northern mound (Figures 4 and 5b).

Contourite drift sediments—together with debris flows—filled the slide scar (Figure 10e), as shown by 
the onlapping and downlapping reflections within the evacuated area (Figure 4). Moreover, observations 
further up in the stratigraphy show that alongslope processes deposited contourites postdating the main 
sediment drift body (Figure 5b). Such drifts therefore likely preconditioned repeated slope failures on the 
trough-mouth fan, and it is likely that also other later mega-slides along the western Barents Sea margin 
occurred along contouritic layers, as described by Hjelstuen et al. (2007) for the Bjørnøyrenna Trough-
Mouth Fan, and by Safronova et al. (2017) for the Storfjorden Trough-Mouth Fan, north of the study area. 
Failures along contouritic “weak zones” are also well known from the mid-Norwegian margin, resulting in 
big submarine landslides such as the Storegga and Trænadjupet slides (Bryn et al., 2005; Haflidason et al., 
2005). This demonstrates the influence of contouritic sediments on the stability of continental margins at 
high latitudes, and thereby also their impact on margin morphology and sediment distribution (Laberg & 
Camerlenghi, 2008).

7.  Conclusions

1.	 A contourite drift deposit, here named the Bjørnøyrenna Drift, is identified on the SW Barents Sea con-
tinental margin. Based on mapping from available multichannel 2-D seismic data, the drift covers a 
minimum of ∼1.8 × 104 km2 of the upper, middle and lower paleo-slope, and it has a minimum total 
volume of ∼5,000 km3. The maximum thickness of the deposit is ∼1,380 m. Exploration wellbores show 
that the drift mainly consists of claystones, likely deposited from ocean currents. Interbedded sandstone 
stringers within the drift likely originate mainly from turbidity flows.

2.	 The Bjørnøyrenna Drift started to form in the early to middle Miocene, similar to other drift systems 
along the British-Norwegian margin and in the southern part of the Norwegian–Greenland Sea, and 
prior to drifts on the Svalbard margin and in the Fram Strait gateway. The erosive character of the base 
of the Bjørnøyrenna Drift, as well as the later build-up of contourites to the north is possibly related to 
strong ocean currents during the initial narrow opening of the Fram Strait gateway. This possibly caused 
a funneling effect for the ocean currents, and thereby higher flow velocities and nondeposition of drift 
sediments until the gateway deepened and widened. The margin-wide occurrence of drifts in the North 
Atlantic testifies to the later establishment of an efficient deep-water circulation following the open-
ing of the Fram Strait gateway between Svalbard and Greenland at c. 17 Ma and the subsidence of the 
Greenland–Scotland Ridge at c. 12 Ma.

3.	 The onset of the large-scale circulation system identified through the Bjørnøyrenna Drift, and the gener-
al regional distribution of contourite drifts in the Norwegian–Greenland Sea is suggested to be concur-
rent in time with the climate deterioration following the Mid Miocene Climatic Optimum at c. 16–14 Ma 
where global temperatures dropped ∼2°C. Thus, this global cooling trend was possibly influenced by the 
coupling of the circulation systems in the North Atlantic and the Norwegian–Greenland Sea, allowing 
for cold North Atlantic deep water to be transported southwards and warm North Atlantic water north-
wards across the Greenland–Scotland Ridge. This marks the beginning of a more dynamic northern 
hemisphere climate, where the overall global temperature decreased.

4.	 For the first time, sedimentation rates for an early Neogene drift in the North Atlantic have been calcu-
lated, showing that minimum rates are between 0.020 and 0.031 m/Kyr. This is one order of magnitude 
lower than the subsequent glacial sedimentation rates related to the action of the Barents Sea and Fen-
noscandian ice sheets. However, they are within the same range as sedimentation rates offshore the NE 

RYDNINGEN ET AL. 17 of 21

10.1029/2020GC009142



Geochemistry, Geophysics, Geosystems

sector of the Greenland Ice Sheet. The rates are also comparable to the rates of sediment transport to 
deep-sea fans for major river systems such as the Mississippi and Amazon. The results from this study 
underline that ocean currents are important agents in the evolution of ocean basins, where they both 
can erode underlying strata over large areas and distribute sediments at rates comparable to large river 
systems.

5.	 The mounded and elongated drift started to accumulate on the SW Barents Sea continental slope prior 
to increased sedimentation during the Quaternary glaciations. Continued drift growth, combined with 
glacimarine to glacifluvial sedimentation on the slope, was followed by downslope-influenced sedimen-
tation from glacigenic debris flows. Middle to late Quaternary overtopping of the drift by glacigenic 
debris flows likely increased the stress on the contouritic deposits, making them unstable and resulting 
in a submarine landslide.

Data Availability Statement
We are grateful to TGS for providing the NBR seismic data and the Norwegian Petroleum Directorate for 
the public seismic data from the Diskos data base. The readers will have to contact these institutions for 
a permission to access the seismic data (contact info can be found at www.tgs.com and www.npd.no/en/
diskos/).

References
Aagaard, K., Darnall, C., & Greisman, P. (1973). Year-long current measurements in the Greenland-Spitsbergen passage. Deep Sea Research 

and Oceanographic Abstracts, 20(8), 743–746. https://doi.org/10.1016/0011-7471(73)90090-9
Akhmetiev, M. A., Zaporozhets, N. I., Benyamovskiy, V. N., Aleksandrova, G. N., Iakovleva, A. I., & Oreshkina, T. V. (2012). The Paleogene 

history of the western Siberian Seaway—A connection of the Peri-Tethys to the Arctic Ocean. Austrian Journal of Earth Sciences, 105(1), 
50–67.

Amante, C., & Eakins, B. W. (2009). ETOPO1 1 Arc-Minute Global Relief Model: Procedures, Data Sources and Analysis. NOAA Technical 
Memorandum NESDIS NGDC-24. National Geophysical Data Center, NOAA. https://doi.org/10.7289/V5C8276M

Andreassen, K., Ødegaard, C. M., & Rafaelsen, B. (2007). Imprints of former ice streams, imaged and interpreted using industry three-di-
mensional seismic data from the south-western Barents Sea. In R. J. Davis, H. W. Posamentier, L. J. Wood, & J. A. Cartwright (Eds.), 
Seismic geomorphology: Application to hydrocarbon exploration and production, geological society (Vol. 277, pp. 151–169). London, UK: 
Geological Society Special Publications. https://doi.org/10.1144/GSL.SP.2007.277.01.09

Backman, J., & Moran, K. (2009). Expanding the Cenozoic paleoceanographic record in the Central Arctic Ocean: IODP Expedition 302 
Synthesis. Open Geosciences, 1(2), 157–175. https://doi.org/10.2478/v10085-009-0015-6

Berger, D., & Jokat, W. (2008). A seismic study along the East Greenland margin from 72°N to 77°N. Geophysical Journal International, 
174(2), 733–748. https://doi.org/10.1111/j.1365-246X.2008.03794.x

Berggren, W. A., Kent, D. V., Swisher, C. C., & Aubry, M.-P. (1995). A revised Cenozoic geochronology and chronostratigraphy. In 
W. A. Berggren, D. V. Kent, M. P. Aubry, & J. Hardenbol (Eds.), Geochronology time scale and global stratigraphic correlation (Vol. 54, 
pp. 129–212). Tulsa, OK: SEPM Society for Sedimentary Geology. https://doi.org/10.2110/pec.95.04.0129

Beszczynska-Möller, A., Fahrbach, E., Schauer, U., & Hansen, E. (2012). Variability in Atlantic water temperature and transport at the 
entrance to the Arctic Ocean, 1997–2010. ICES Journal of Marine Science, 69(5), 852–863. https://doi.org/10.1093/icesjms/fss056

Bohrmann, G., Henrich, R., & Thiede, J. (1990). Miocene to Quaternary paleoceanography in the northern North Atlantic: Variability in 
carbonate and biogenic opal accumulation. In U. Bleil, & J. Thiede (Eds.), Geological history of the Polar Oceans: Arctic versus Antarctic 
(Vol. 308, pp. 647–675). Dordrecht, The Netherlands: Springer. https://doi.org/10.1007/978-94-009-2029-3

Bryn, P., Berg, K., Forsberg, C. F., Solheim, A., & Kvalstad, T. J. (2005). Explaining the Storegga Slide. Marine and Petroleum Geology, 
22(1–2), 11–19. https://doi.org/10.1016/j.marpetgeo.2004.12.003

Campbell, D. C., & Mosher, D. C. (2016). Geophysical evidence for widespread Cenozoic bottom current activity from the continental 
margin of Nova Scotia, Canada. Marine Geology, 378, 237–260. https://doi.org/10.1016/j.margeo.2015.10.005

Clausen, L. (1998). The Southeast Greenland glaciated margin: 3D stratal architecture of shelf and deep sea. In M. S. Stoker, D. Evans & A. 
Cramp (Eds.), Geological processes on continental margins: Sedimentation, mass-wasting and stability (Vol. 129, pp. 173–203). London, 
UK: Geological Society Special Publications. https://doi.org/10.1144/GSL.SP.1998.129.01.12

Cohen, K. M., Finney, S. C., Gibbard, P. L., & Fan, J.-X. (2016). The ICS International Chronostratigraphic Chart. Episodes, 36(3), 199–204.
Dalland, A., Worsley, D., & Ofstad, K. (1988). A lithostratigraphic scheme for the Mesozoic and Cenozoic succession offshore mid- and 

northern Norway. NPD-Bulletin 4. Norwegian Petroleum Directorate, Stavanger.
Davies, R., Cartwright, J., Pike, J., & Line, C. (2001). Early Oligocene initiation of North Atlantic deep water formation. Nature, 410(6831), 

917–920. https://doi.org/10.1038/35073551
Dowdeswell, J. A., Ottesen, D., & Rise, L. (2010). Rates of sediment delivery from the Fennoscandian ice sheet through an ice age. Geology, 

38(1), 3–6. https://doi.org/10.1130/G25523.1
Ehlers, B.-M., & Jokat, W. (2013). Paleo-bathymetry of the northern North Atlantic and consequences for the opening of the Fram Strait. 

Marine Geophysical Research, 34, 25–43.
Eidvin, T., Goll, R. M., Grogan, P., Smelror, M., & Ulleberg, K. (1994). En stratigrafisk undersøkelse av øvre del av brønn 7316/5–1 (Bjørnøya 

Vest). Undersøkt intervall: 567-1600 m (plaistocen-midtre eocen). NPD-Contribution No 38. Retrieved from https://www.npd.no/globa-
lassets/1-npd/publikasjoner/forskningsartikler/npd-contribution-no-38.pdf

Eidvin, T., Goll, R. M., Grogan, P., Smelror, M., & Ulleberg, K. (1998). The Pleistocene to Middle Eocene stratigraphy and geological evo-
lution of the western Barents Sea continental margin at well site 7316/5-1 (Bjørnøya West area). Norsk Geologisk Tidsskrift, 78, 99–123.

RYDNINGEN ET AL. 18 of 21

10.1029/2020GC009142

Acknowledgments
The Research Centre for Arctic 
Petroleum Exploration (ARCEx) partly 
funded Gert Vidar Høgseth, Amando 
Putra Ersaid Lasabuda, and Jan Sverre 
Laberg, and we therefore acknowledge 
the Research Council of Norway (grant 
number 228107) together with the ac-
ademic and industry partners involved 
in this center. Amando Putra Ersaid 
Lasabuda is also financially supported 
by the Equinor-UiT Akademia agree-
ment. We also thank Iver Martens (UiT 
The Arctic University of Norway and 
ARCEx) for help with import of wells 
to Petrel, and Tor Eidvin and Fridtjof 
Riis (both at the Norwegian Petroleum 
Directorate) for valuable comments and 
discussions. Finally, we are grateful to 
the Editor Claudio Faccenna, and the 
reviewers Matt O'Regan and Angelo 
Camerlenghi. Their thorough reviews 
and valuable suggestions improved the 
quality of the manuscript.

http://www.tgs.com/
http://www.npd.no/en/diskos/
http://www.npd.no/en/diskos/
https://doi.org/10.1016/0011-7471(73)90090-9
https://doi.org/10.7289/V5C8276M
https://doi.org/10.1144/GSL.SP.2007.277.01.09
https://doi.org/10.2478/v10085-009-0015-6
https://doi.org/10.1111/j.1365-246X.2008.03794.x
https://doi.org/10.2110/pec.95.04.0129
https://doi.org/10.1093/icesjms/fss056
https://doi.org/10.1007/978-94-009-2029-3
https://doi.org/10.1016/j.marpetgeo.2004.12.003
https://doi.org/10.1016/j.margeo.2015.10.005
https://doi.org/10.1144/GSL.SP.1998.129.01.12
https://doi.org/10.1038/35073551
https://doi.org/10.1130/G25523.1
https://www.npd.no/globalassets/1-npd/publikasjoner/forskningsartikler/npd-contribution-no-38.pdf
https://www.npd.no/globalassets/1-npd/publikasjoner/forskningsartikler/npd-contribution-no-38.pdf


Geochemistry, Geophysics, Geosystems

Eidvin, T., Jansen, E., & Riis, F. (1993). Chronology of Tertiary fan deposits of the western Barents Sea: Implications for the uplift and 
erosional history of the Barents Shelf. Marine Geology, 112(1–4), 109–131. https://doi.org/10.1016/0025-3227(93)90164-Q

Eidvin, T., & Riis, F. (1989). Nye dateringer av de tre vestligste borehullene i Barentshavet. Resultater og konsekvenser for den Tertiære 
hevingen. NPD-Contribution, 27. Retrieved from https://www.npd.no/globalassets/1-npd/publikasjoner/forskningsartikler/npd-con-
tribution-no-27.pdf

Eidvin, T., Riis, F., & Rasmussen, E. S. (2014). Oligocene to Lower Pliocene deposits of the Norwegian continental shelf, Norwegian Sea, 
Svalbard, Denmark, and their relation to the uplift of Fennoscandia: A synthesis. Marine and Petroleum Geology, 56, 184–221. https://
doi.org/10.1016/j.marpetgeo.2014.04.006

Eidvin, T., Riis, F., Rasmussen, E. S., & Rundberg, Y. (2013). Investigation of Oligocene to Lower Pliocene deposits in the Nordic offshore 
area and onshore Denmark. NPD Bulletin, 10. Retrieved from https://www.npd.no/globalassets/1-npd/publikasjoner/npd-bulletins/
npd-bulletin-10-2013.pdf

Eiken, O., & Hinz, K. (1993). Contourites in the Fram Strait. Sedimentary Geology, 82(1–4), 15–32.
Eldholm, O., Faleide, J. I., & Myhre, A. M. (1987). Continent-ocean transition at the western Barents Sea/Svalbard continental margin. 

Geology, 15(12), 1118–1122. https://doi.org/10.1130/0091-7613(1987)15<1118:CTATWB>2.0.CO;2
Eldrett, J. S., Harding, I. C., Wilson, P. A., Butler, E., & Roberts, A. P. (2007). Continental ice in Greenland during the Eocene and Oligocene. 

Nature, 446, 176–179. https://doi.org/10.1038/nature05591
Elverhøi, A., Hooke, R. LeB., & Solheim, A. (1998). Late Cenozoic erosion and sediment yield from the Svalbard-Barents Sea region: 

Implications for understanding erosion of glacierized basins. Quaternary Science Reviews, 17(1–3), 209–241. https://doi.org/10.1016/
S0277-3791(97)00070-X

Faleide, J. I., Bjørlykke, K., & Gabrielsen, R. H. (2015). Geology of the Norwegian continental shelf. In K. Bjørlykke (Ed.), Petroleum geo-
science: From sedimentary environments to rock physics (pp. 603–637). Berlin: Springer.

Faleide, J. I., Solheim, A., Fiedler, A., Hjelstuen, B. O., Andersen, E. S., & Vanneste, K. (1996). Late Cenozoic evolution of the western 
Barents Sea-Svalbard continental margin. Global and Planetary Change, 12(1–4), 53–74. https://doi.org/10.1016/0921-8181(95)00012-7

Faleide, J. I., Tsikalas, F., Breivik, A. J., Mjelde, R., Ritzmann, O., Engen, Ø, et al. (2008). Structure and evolution of the continental margin 
off Norway and the Barents Sea. Episodes, 31, 82–91.

Faugères, J.-C., & Stow, D. A. V. (2008). Contourite drifts: Nature, evolution and controls. Developments in Sedimentology, 60, 259–288. 
https://doi.org/10.1016/S0070-4571(08)10014-0

Faugères, J.-C., Stow, D. A. V., Imbert, P., & Viana, A. (1999). Seismic features diagnostic of contourite drifts. Marine Geology, 162(1), 1–38. 
https://doi.org/10.1016/S0025-3227(99)00068-7

Haflidason, H., Lien, R., Sejrup, H. P., Forsberg, C. F., & Bryn, P. (2005). The dating and morphometry of the Storegga Slide. Marine and 
Petroleum Geology, 22(1–2), 123–136. https://doi.org/10.1016/j.marpetgeo.2004.10.008

Hansen, B., & Østerhus, S. (2000). North Atlantic-Nordic Seas exchanges. Progress in Oceanography, 45(2), 109–208. https://doi.
org/10.1016/S0079-6611(99)00052-X

Haq, B. U., Hardenbol, J., & Vail, P. R. (1988). Mesozoic and Cenozoic chronostratigraphy and cycles of sea-level change. In C. K. Wilgus, 
B. S. Hastings, H. Posamentier, J. V. Wagoner, C. A. Ross, & G. C. St. Kendall (Eds.), Sea level changes: An integrated approach (Vol. 42, 
pp. 71–108). SEPM Society for Sedimentary Geology Special Publication.

Helland, P. E., & Holmes, M. A. (1997). Surface textural analysis of quartz sand grains from ODP Site 918 off the southeast coast of 
Greenland suggests glaciation of southern Greenland at 11 Ma. Palaeogeography, Palaeoclimatology, Palaeoecology, 135(1–4), 109–121. 
https://doi.org/10.1016/S0031-0182(97)00025-4

Hiscott, R. N., & Aksu, A. E. (1994). Submarine debris flows and continental slope evolution in front of Quaternary ice sheets, Baf-
fin Bay, Canadian Arctic. American Association of Petroleum Geologists Bulletin, 78(3), 445–460. https://doi.org/10.1306/
BDFF90DC-1718-11D7-8645000102C1865D

Hjelstuen, B. O., Eldholm, O., & Faleide, J. I. (2007). Recurrent Pleistocene mega-failures on the SW Barents Sea margin. Earth and Plane-
tary Science Letters, 258(3–4), 605–618. https://doi.org/10.1016/j.epsl.2007.04.025

Hutchinson, D. K., Coxall, H. K., OʹRegan, M., Nilsson, J., Caballero, R., & de Boer, A. M. (2019). Arctic closure as a trigger for Atlantic 
overturning at the Eocene-Oligocene transition. Nature Communications, 10, 1–9. https://doi.org/10.1038/s41467-019-11828-z

Jakobsson, M., Backman, J., Rudels, B., Nycander, J., Frank, M., Mayer, L., et al. (2007). The early Miocene onset of a ventilated circulation 
regime in the Arctic Ocean. Nature, 447, 986–990.

Jakobsson, M., Mayer, L. M., Bringensparr, C., Castro, C. F., Mohammad, R., Johnson, P., et al. (2020). The International Bathymetric Chart 
of the Arctic Ocean Version 4.0. Scientific Data, 7, 1–14. https://doi.org/10.6084/m9.figshare.12369314

Jónsson, S., Foldvik, A., & Aagaard, K. (1992). The structure and atmospheric forcing of the mesoscale velocity field in Fram Strait. Journal 
of Geophysical Research: Oceans, 97(C8), 12585–12600. https://doi.org/10.1029/92JC01195

King, E. L., Bøe, R., Bellec, V. K., Rise, L., Skarðhamar, J., Ferré, B., & Dolan, M. F. J. (2014). Contour current driven continental 
slope-situated sandwaves with effects from secondary current processes on the Barents Sea margin offshore Norway. Marine Geology, 
353, 108–127. https://doi.org/10.1016/j.margeo.2014.04.003

King, E. L., Haflidason, H., Sejrup, H. P., & Løvlie, R. (1998). Glacigenic debris flows on the North Sea trough mouth fan during ice stream 
maxima. Marine Geology, 152(1–3), 217–246. https://doi.org/10.1016/S0025-3227(98)00072-3

King, E. L., Sejrup, H. P., Haflidason, H., Elverhøi, A., & Aarseth, I. (1996). Quaternary seismic stratigraphy of the North Sea Fan: 
Glacially-fed gravity flow aprons, hemipelagic sediments, and large submarine slides. Marine Geology, 130(3–4), 293–315. https://doi.
org/10.1016/0025-3227(95)00168-9

Knies, J., Cabedo-Sanz, P., Belt, S. T., Baranwal, S., Fietz, S., & Rosell-Melé, A. (2014a). The emergence of modern sea ice cover in the Arctic 
Ocean. Nature Communications, 5, 1–7. https://doi.org/10.1038/ncomms6608

Knies, J., & Gaina, C. (2008). Middle Miocene ice sheet expansion in the Arctic: Views from the Barents Sea. Geochemistry, Geophysics, 
Geosystems, 9(2), Q02015. https://doi.org/10.1029/2007GC001824

Knies, J., Matthiessen, J., Vogt, C., Laberg, J. S., Hjelstuen, B. O., Smelror, M., et al. (2009). The Plio-Pleistocene glaciation of the Barents 
Sea–Svalbard region: A new model based on revised chronostratigraphy. Quaternary Science Reviews, 28(9–10), 812–829. https://doi.
org/10.1016/j.quascirev.2008.12.002

Knies, J., Mattingsdal, R., Fabian, K., Grøsfjeld, K., Baranwal, S., Husum, K., et al. (2014b). Effect of early Pliocene uplift on late Pliocene 
cooling in the Arctic–Atlantic gateway. Earth and Planetary Science Letters, 387, 132–144. https://doi.org/10.1016/j.epsl.2013.11.007

Kristoffersen, Y. (1990). On the tectonic evolution and paleoceanographic significance of the Fram Strait gateway. In U. Bleil & J. Thiede 
(Eds.), Geological history of the polar oceans: Arctic versus Antarctic (pp. 63–76). Dordrecht, The Netherlands: Springer. https://doi.
org/10.1007/978-94-009-2029-3_4

RYDNINGEN ET AL. 19 of 21

10.1029/2020GC009142

https://doi.org/10.1016/0025-3227(93)90164-Q
https://www.npd.no/globalassets/1-npd/publikasjoner/forskningsartikler/npd-contribution-no-27.pdf
https://www.npd.no/globalassets/1-npd/publikasjoner/forskningsartikler/npd-contribution-no-27.pdf
https://doi.org/10.1016/j.marpetgeo.2014.04.006
https://doi.org/10.1016/j.marpetgeo.2014.04.006
https://www.npd.no/globalassets/1-npd/publikasjoner/npd-bulletins/npd-bulletin-10-2013.pdf
https://www.npd.no/globalassets/1-npd/publikasjoner/npd-bulletins/npd-bulletin-10-2013.pdf
https://doi.org/10.1130/0091-7613(1987)15%3C1118:CTATWB%3E2.0.CO;2
https://doi.org/10.1038/nature05591
https://doi.org/10.1016/S0277-3791(97)00070-X
https://doi.org/10.1016/S0277-3791(97)00070-X
https://doi.org/10.1016/0921-8181(95)00012-7
https://doi.org/10.1016/S0070-4571(08)10014-0
https://doi.org/10.1016/S0025-3227(99)00068-7
https://doi.org/10.1016/j.marpetgeo.2004.10.008
https://doi.org/10.1016/S0079-6611(99)00052-X
https://doi.org/10.1016/S0079-6611(99)00052-X
https://doi.org/10.1016/S0031-0182(97)00025-4
https://doi.org/10.1306/BDFF90DC-1718-11D7-8645000102C1865D
https://doi.org/10.1306/BDFF90DC-1718-11D7-8645000102C1865D
https://doi.org/10.1016/j.epsl.2007.04.025
https://doi.org/10.1038/s41467-019-11828-z
https://doi.org/10.6084/m9.figshare.12369314
https://doi.org/10.1029/92JC01195
https://doi.org/10.1016/j.margeo.2014.04.003
https://doi.org/10.1016/S0025-3227(98)00072-3
https://doi.org/10.1016/0025-3227(95)00168-9
https://doi.org/10.1016/0025-3227(95)00168-9
https://doi.org/10.1038/ncomms6608
https://doi.org/10.1029/2007GC001824
https://doi.org/10.1016/j.quascirev.2008.12.002
https://doi.org/10.1016/j.quascirev.2008.12.002
https://doi.org/10.1016/j.epsl.2013.11.007
https://doi.org/10.1007/978-94-009-2029-3_4
https://doi.org/10.1007/978-94-009-2029-3_4


Geochemistry, Geophysics, Geosystems

Kuvaas, B., & Kristoffersen, Y. (1996). Mass movements in glaciomarine sediments on the Barents Sea continental slope. Global and Plan-
etary Change, 12(1–4), 287–307. https://doi.org/10.1016/0921-8181(95)00025-9

Laberg, J. S., Andreassen, K., Knies, J., Vorren, T. O., & Winsborrow, M. (2010). Late Pliocene–Pleistocene development of the Barents Sea 
Ice Sheet. Geology, 38(2), 107–110. https://doi.org/10.1130/G30193.1

Laberg, J. S., Andreassen, K., & Vorren, T. O. (2012). Late Cenozoic erosion of the high-latitude southwestern Barents Sea shelf revisited. 
GSA Bulletin, 124(1–2), 77–88. https://doi.org/10.1130/B30340.1

Laberg, J. S., & Camerlenghi, A. (2008). The significance of contourites for submarine slope stability. Developments in Sedimentology, 60, 
537–556. https://doi.org/10.1016/S0070-4571(08)10025-5

Laberg, J. S., Dahlgren, T., Vorren, T. O., Haflidason, H., & Bryn, P. (2001). Seismic analyses of Cenozoic contourite drift development in the 
Northern Norwegian Sea. Marine Geophysical Researches, 22, 401–416. https://doi.org/10.1023/A:1016347632294

Laberg, J. S., Stoker, M. S., Dahlgren, K. I. T., de Haas, H., Haflidason, H., Hjelstuen, B. O., et al. (2005). Cenozoic alongslope processes and 
sedimentation on the NW European Atlantic margin. Marine and Petroleum Geology, 22(9–10), 1069–1088. https://doi.org/10.1016/j.
marpetgeo.2005.01.008

Laberg, J. S., & Vorren, T. O. (1995). Late Weichselian submarine debris flow deposits on the Bear Island Trough mouth fan. Marine Geol-
ogy, 127(1–4), 45–72. https://doi.org/10.1016/0025-3227(95)00055-4

Laberg, J. S., & Vorren, T. O. (1996). The Middle and Late Pleistocence evolution and the Bear Island Trough Mouth Fan. Global and Plan-
etary Change, 12(1–4), 309–330. https://doi.org/10.1016/0921-8181(95)00026-7

Laberg, J. S., Vorren, T. O., & Knutsen, S.-M. (1999). The Lofoten contourite drift off Norway. Marine Geology, 159(1–4), 1–6. https://doi.
org/10.1016/S0025-3227(98)00198-4

Laberg, J. S., Vorren, T. O., Mienert, J., Haflidason, H., Bryn, P., & Lien, R. (2003). Preconditions leading to the holocene Trænadjuped slide 
offshore Norway. In J. Locat, J. Mienert, & L. Boisvert (Eds.), Submarine mass movements and their consequences. Advances in natural and 
technological hazards Research 19 (pp. 247–254). Dordrecht, The Netherlands: Springer. https://doi.org/10.1007/978-94-010-0093-2_28

Larsen, H. C., Saunders, A. D., Clift, P. D., Beget, J., Wei, W., & Spezzaferri, S. (1994). Seven million years of glaciation in Greenland. Sci-
ence, 264(5161), 952–955. https://doi.org/10.1126/science.264.5161.952

Lasabuda, A., Geissler, W. H., Laberg, J. S., Knutsen, S.-M., Rydningen, T. A., & Berglar, K. (2018a). Late Cenozoic erosion estimates for the 
northern Barents Sea: Quantifying glacial sediment input to the Arctic Ocean. Geochemistry, Geophysics, Geosystems, 19(12), 4876–4903. 
https://doi.org/10.1029/2018GC007882

Lasabuda, A., Laberg, J. S., Knutsen, S.-M., & Høgseth, G. (2018b). Early to middle Cenozoic paleoenvironment and erosion estimates of 
the southwestern Barents Sea: Insights from a regional mass-balance approach. Marine and Petroleum Geology, 96, 501–521. https://doi.
org/10.1016/j.marpetgeo.2018.05.039

Lasabuda, A., Laberg, J. S., Knutsen, S.-M., & Safronova, P. (2018c). Cenozoic tectonostratigraphy and pre-glacial erosion: A mass-balance 
study of the northwestern Barents Sea margin, Norwegian Arctic. Journal of Geodynamics, 119, 149–166. https://doi.org/10.1016/j.
jog.2018.03.004

Majoran, S., & Dingle, R. V. (2001). Palaeoceanographical changes recorded by Cenozoic deep-sea ostracod assemblages from the South 
Atlantic and the Southern Ocean (ODP Sites 1087 and 1088). Lethaia, 34(1), 63–83. https://doi.org/10.1080/002411601300068297

Matthews, K. J., Maloney, K. T., Zahirovic, S., Williams, S. E., Seton, M., & Mueller, R. D. (2016). Global plate boundary evolution and kin-
ematics since the late Paleozoic. Global and Planetary Change, 146, 226–250. https://doi.org/10.1016/j.gloplacha.2016.10.002

Miller, K. G., Browning, J. V., Schmelz, W. J., Kopp, R. E., Mountain, G. S., & Wright, J. D. (2020). Cenozoic sea-level and cryospheric evo-
lution from deep-sea geochemical and continental margin records. Science Advances, 6(20), eaaz1346. https://doi.org/10.1126/sciadv.
aaz1346

Moran, K., Backman, J., Brinkhuis, H., Clemens, S. C., Cronin, T., Dickens, G. R., et al. (2006). The Cenozoic palaeoenvironment of the 
Arctic Ocean. Nature, 441, 601–605. https://doi.org/10.1038/nature04800

Müller, R. D., Seton, M., Zahirovic, S., Williams, S. E., Matthews, K. J., Wright, N. M., et al. (2016). Ocean basin evolution and global-scale 
plate reorganization events since Pangea breakup. Annual Review of Earth and Planetary Sciences, 44, 107–138. https://doi.org/10.1146/
annurev-earth-060115-012211

NPD. (1984). Final Report Well 7117/9-2. Norsk Hydro Boresektoren. Retrieved from https://factpages.npd.no/pbl/wellbore_docu-
ments/13_7117_9_2_COMPLETION_REPORT_AND_LOG.pdf

NPD. (1993). Final Well Report Well:7316/5-1. Norsk Hydro. Retrieved from https://factpages.npd.no/pbl/wellbore_docu-
ments/1987_7316_5_1_COMPLETION_REPORT_AND_LOG.pdf

NPD. (2020). Wellbore 7216/11–1S. Norwegian Petroleum Directorate. Retrieved from https://factpages.npd.no/pbl/wellbore_compos-
ite_logs/4129.pdf

Orvik, K. A., & Niiler, P. (2002). Major pathways of Atlantic water in the northern North Atlantic and Nordic Seas toward Arctic. Geophys-
ical Research Letters, 29(19), 2-1–2-4. https://doi.org/10.1029/2002GL015002

Piotrowski, A. M., Lee, D.-C., Christensen, J. N., Burton, K. W., Halliday, A. N., Hein, J. R., & Günther, D. (2000). Changes in erosion and 
ocean circulation recorded in the Hf isotopic compositions of North Atlantic and Indian Ocean ferromanganese crusts. Earth and Plan-
etary Science Letters, 181(3), 315–325. https://doi.org/10.1016/S0012-821X(00)00205-3

Poirier, A., & Hillaire-Marcel, C. (2011). Improved Os-isotope stratigraphy of the Arctic Ocean. Geophysical Research Letters, 38(14), 
L14607. https://doi.org/10.1029/2011GL047953

Rebesco, M., Hernández-Molina, F. J., Van Rooij, D., & Wåhlin, A. (2014). Contourites and associated sediments controlled by 
deep-water circulation processes: State-of-the-art and future considerations. Marine Geology, 352, 111–154. https://doi.org/10.1016/j.
margeo.2014.03.011

Rebesco, M., Wåhlin, A., Laberg, J. S., Schauer, U., Beszczynska-Möller, A., Lucchi, R. G., et al. (2013). Quaternary contourite drifts of the West-
ern Spitsbergen margin. Deep Sea Research Part I: Oceanographic Research Papers, 79, 156–168. https://doi.org/10.1016/j.dsr.2013.05.013

Rise, L., Bøe, R., Riis, F., Bellec, V. K., Laberg, J. S., Eidvin, T., et al. (2013). The Lofoten-Vesterålen continental margin, North Norway: 
Canyons and mass-movement activity. Marine and Petroleum Geology, 45, 134–149. https://doi.org/10.1016/j.marpetgeo.2013.04.021

Rydningen, T. A., Laberg, J. S., & Kolstad, V. (2015). Seabed morphology and sedimentary processes on high-gradient trough mouth fans 
offshore Troms, northern Norway. Geomorphology, 246, 205–219. https://doi.org/10.1016/j.geomorph.2015.06.007

Rydningen, T. A., Laberg, J. S., & Kolstad, V. (2016). Late Cenozoic evolution of high-gradient trough mouth fans and canyons on the gla-
ciated continental margin offshore Troms, northern Norway—Paleoclimatic implications and sediment yield. GSA Bulletin, 128(3–4), 
576–596. https://doi.org/10.1130/B31302.1

Ryseth, A., Augustson, J. H., Charnock, M., Haugerud, O., Knutsen, S.-M., Midbøe, P. S., et al. (2003). Cenozoic stratigraphy and evolution 
of the Sørvestsnaget basin, southwestern Barents Sea. Norwegian Journal of Geology, 83(2), 107–130.

RYDNINGEN ET AL. 20 of 21

10.1029/2020GC009142

https://doi.org/10.1016/0921-8181(95)00025-9
https://doi.org/10.1130/G30193.1
https://doi.org/10.1130/B30340.1
https://doi.org/10.1016/S0070-4571(08)10025-5
https://doi.org/10.1023/A:1016347632294
https://doi.org/10.1016/j.marpetgeo.2005.01.008
https://doi.org/10.1016/j.marpetgeo.2005.01.008
https://doi.org/10.1016/0025-3227(95)00055-4
https://doi.org/10.1016/0921-8181(95)00026-7
https://doi.org/10.1016/S0025-3227(98)00198-4
https://doi.org/10.1016/S0025-3227(98)00198-4
https://doi.org/10.1007/978-94-010-0093-2_28
https://doi.org/10.1126/science.264.5161.952
https://doi.org/10.1029/2018GC007882
https://doi.org/10.1016/j.marpetgeo.2018.05.039
https://doi.org/10.1016/j.marpetgeo.2018.05.039
https://doi.org/10.1016/j.jog.2018.03.004
https://doi.org/10.1016/j.jog.2018.03.004
https://doi.org/10.1080/002411601300068297
https://doi.org/10.1016/j.gloplacha.2016.10.002
https://doi.org/10.1126/sciadv.aaz1346
https://doi.org/10.1126/sciadv.aaz1346
https://doi.org/10.1038/nature04800
https://doi.org/10.1146/annurev-earth-060115-012211
https://doi.org/10.1146/annurev-earth-060115-012211
https://factpages.npd.no/pbl/wellbore_documents/13_7117_9_2_COMPLETION_REPORT_AND_LOG.pdf
https://factpages.npd.no/pbl/wellbore_documents/13_7117_9_2_COMPLETION_REPORT_AND_LOG.pdf
https://factpages.npd.no/pbl/wellbore_documents/1987_7316_5_1_COMPLETION_REPORT_AND_LOG.pdf
https://factpages.npd.no/pbl/wellbore_documents/1987_7316_5_1_COMPLETION_REPORT_AND_LOG.pdf
https://factpages.npd.no/pbl/wellbore_composite_logs/4129.pdf
https://factpages.npd.no/pbl/wellbore_composite_logs/4129.pdf
https://doi.org/10.1029/2002GL015002
https://doi.org/10.1016/S0012-821X(00)00205-3
https://doi.org/10.1029/2011GL047953
https://doi.org/10.1016/j.margeo.2014.03.011
https://doi.org/10.1016/j.margeo.2014.03.011
https://doi.org/10.1016/j.dsr.2013.05.013
https://doi.org/10.1016/j.marpetgeo.2013.04.021
https://doi.org/10.1016/j.geomorph.2015.06.007
https://doi.org/10.1130/B31302.1


Geochemistry, Geophysics, Geosystems

Safronova, P. A., Andreassen, K., Laberg, J. S., & Vorren, T. O. (2012). Development and post-depositional deformation of a Middle Eocene 
deep-water sandy depositional system in the Sørvestsnaget Basin, SW Barents Sea. Marine and Petroleum Geology, 36(1), 83–99. https://
doi.org/10.1016/j.marpetgeo.2012.06.007

Safronova, P. A., Henriksen, S., Andreassen, K., Laberg, J. S., & Vorren, T. O. (2014). Evolution of shelf-margin clinoforms and deep-water 
fans during the middle Eocene in the Sorvestsnaget Basin, southwest Barents Sea. American Association of Petroleum Geologists Bulletin, 
98(3), 515–544. https://doi.org/10.1306/08221312208

Safronova, P. A., Laberg, J. S., Andreassen, K., Shlykova, V., Vorren, T. O., & Chernikov, S. (2017). Late Pliocene–early Pleistocene deep-sea 
basin sedimentation at high-latitudes: Mega-scale submarine slides of the North-western Barents Sea margin prior to the shelf-edge 
glaciations. Basin Research, 29(S1), 537–555. https://doi.org/10.1111/bre.12161

Sættem, J., Bugge, T., Fanavoll, S., Goll, R. M., Mørk, A., Mørk, M. B. E., et al. (1994). Cenozoic margin development and erosion of the Bar-
ents Sea: Core evidence from southwest of Bjørnøya. Marine Geology, 118(3–4), 257–281. https://doi.org/10.1016/0025-3227(94)90087-6

Smith, A. G., & Pickering, K. T. (2003). Oceanic gateways as a critical factor to initiate icehouse Earth. Journal of the Geological Society, 160, 
337–340. https://doi.org/10.1144/0016-764902-115

Steel, R., Gjelberg, J., Nøttvedt, A., Helland-Hansen, W., Kleinspehn, K., Nøttvedt, A., & Rye-Larsen, M. (1985). The tertiary strike-slip 
basins and orogenic belt of Spitsbergen. Society of Economic Paleontologists and Mineralogists Special Publications, 37, 339–359.

Stow, D. A. V., Reading, H. G., & Collinson, J. D. (1996). Deep seas. In H. G. Reading (Ed.), Sedimentary environments: Processes, facies and 
stratigraphy (3rd ed., pp. 395–453). Oxford, UK: Blackwell Publishing.

Talwani, M., & Eldholm, O. (1977). Evolution of the Norwegian-Greenland Sea. GSA Bulletin, 88(7), 969–999. https://doi.
org/10.1130/0016-7606(1977)88<969:EOTNS>2.0.CO;2

Thiede, J., Eldholm, O., & Myhre, A. M. (2011). Scientific deep-sea drilling in high northern latitudes. In A. M. Spencer, A. F. Embry, 
D. L. Gautier, A. V. Stoupakova, & K. Sørensen (Eds.), Arctic petroleum geology, (Vol. 35, pp. 703–714). London, UK: Geological Society 
Memoirs.

Thiede, J., & Myhre, A. M. (1996). The paleoceanographic history of the North Atlantic-Arctic gateways: Synthesis of the Leg 151 drilling 
results. Proceedings of the Ocean Drilling Program, Scientific Results, 151, 645–658.

Vorren, T. O., Laberg, J. S., Blaume, F., Dowdeswell, J. A., Kenyon, N. H., Mienert, J., et al. (1998). The Norwegian–Greenland Sea continen-
tal margins: Morphology and late Quaternary sedimentary processes and environment. Quaternary Science Reviews, 17(1–3), 273–302. 
https://doi.org/10.1016/S0277-3791(97)00072-3

Vorren, T. O., Lebesbye, E., Andreassen, K., & Larsen, K.-B. (1989). Glacigenic sediments on a passive continental margin as exemplified 
by the Barents Sea. Marine Geology, 85(2–4), 251–272. https://doi.org/10.1016/0025-3227(89)90156-4

Vorren, T. O., Richardsen, G., Knutsen, S.-M., & Henriksen, E. (1991). Cenozoic erosion and sedimentation in the western Barents Sea. 
Marine and Petroleum Geology, 8(3), 317–340. https://doi.org/10.1016/0264-8172(91)90086-G

Wold, C. N. (1994). Cenozoic sediment accumulation on drifts in the northern North Atlantic. Paleoceanography, 9(6), 917–941. https://
doi.org/10.1029/94PA01438

Wright, J. D. (1998). Role of the Greenland-Scotland Ridge in Neogene climate changes. In T. J. Crowley & K. C. Burke (Eds.), Tectonic 
boundary conditions for climate reconstruction (Vol. 39, pp. 192–211). Oxford, UK: Oxford University Press.

Zachos, J., Pagani, M., Sloan, L., Thomas, E., & Billups, K. (2001). Trends, rhythms, and aberrations in global climate 65 Ma to present. 
Science, 292(5517), 686–693. https://doi.org/10.1126/science.1059412

RYDNINGEN ET AL. 21 of 21

10.1029/2020GC009142

https://doi.org/10.1016/j.marpetgeo.2012.06.007
https://doi.org/10.1016/j.marpetgeo.2012.06.007
https://doi.org/10.1306/08221312208
https://doi.org/10.1111/bre.12161
https://doi.org/10.1016/0025-3227(94)90087-6
https://doi.org/10.1144/0016-764902-115
https://doi.org/10.1130/0016-7606(1977)88%3C969:EOTNS%3E2.0.CO;2
https://doi.org/10.1130/0016-7606(1977)88%3C969:EOTNS%3E2.0.CO;2
https://doi.org/10.1016/S0277-3791(97)00072-3
https://doi.org/10.1016/0025-3227(89)90156-4
https://doi.org/10.1016/0264-8172(91)90086-G
https://doi.org/10.1029/94PA01438
https://doi.org/10.1029/94PA01438
https://doi.org/10.1126/science.1059412

	An Early Neogene—Early Quaternary Contourite Drift System on the SW Barents Sea Continental Margin, Norwegian Arctic
	Abstract
	Plain Language Summary
	1. Introduction
	2. Database and Methods
	3. Physiographic, Geologic, and Oceanographic Setting
	4. Seismic Stratigraphic Framework—The Nordland Group
	5. Results
	5.1. Description of Seismic Stratigraphy
	5.2. Lithology from Exploration Wellbores

	6. Interpretation and Discussion
	6.1. Origin of the Sediment Accumulation—The Bjørnøyrenna Drift
	6.2. Age Estimate of the Bjørnøyrenna Drift
	6.2.1. Age Estimate from Available Wells
	6.2.2. Correlation to Regional Tectonic Events and Comparison to Other Drifts

	6.3. The Bjørnøyrenna Drift Evolution
	6.4. Paleoclimatic Implications of the Onset of Ocean Circulation
	6.5. Average Sedimentation Rate for the Bjørnøyrenna Drift
	6.6. Failure of the Bjørnøyrenna Drift

	7. Conclusions
	Data Availability Statement
	References


